gene named Xa21 is a resistance gene to leaf blight in rice (Wang et al., 1996) . Xa21 activation, via intracellular kinases (Song et al., 1995; Wang et al., 1996) . ERECTA is 1 0 6
another Arabidopsis LRR-RLK gene resistant to R. solanacearum (Godiard, Laurence 1 0 7
and Sauviac, Laurent and Torii, Keiko U and Grenon, Olivier and Mangin, Brigitte in plant-pathogen interactions to be explicitly elucidated. In the present study, an LRR-RLK gene named AhRLK1 was obtained from peanut by microarray analysis. The AhRLK1, characterized as CLAVATA 1, was up was weak in the pericarp, and embryos displayed the lowest expression levels of these 3 6 2 genes ( Fig. 4 ; Data S4). AhRLK1 responses to bio/abiotic stresses
The expression of AhRLK1 under exogenous phytohormone treatments was 3 6 6 determined in the medium resistance variety Minhua 6 at the eight-leaf stage (Fig. 5 ).
6 7
Upon 3 mM SA treatment, the AhRLK1 transcripts increased up to 6.6-fold at 6 hours 3 6 8 post treatment (hpt) and then gradually decreased to levels slightly higher (<3 fold)
than those of the control plants (Fig. 5A ). The expression of AhRLK1 also increased
with 10 µg/mL ABA, reaching a single peak of 4.5-fold at 6 hpt ( Fig. 5B) . Similarly,
after 100 µM MeJA treatment, AhRLK1 expression also elevated progressively, with 3 7 2 the highest level (3.8-fold up regulation) at 6 hpt ( Fig. 5C ). In response to 10 mM ET,
AhRLK1 expression increased with two peaks (2.6 and 2.8-fold) at 3 hpt and 24 hpt after which the expression level returned to baseline (Fig. 5D ).
7 5
The expression of AhRLK1 under low temperature and drought was also examined in eight-leaf Minhua 6 seedlings ( Fig. 5E and 5F ). The time course of AhRLK1
expression showed a trough in response at 6 and at 24-48 hpt upon abiotic stresses of 3 7 8 low temperature and drought, respectively. Specifically, the transcript levels of
AhRLK1 under low temperature decreased at 3 and 6 hpt and then were up regulated 3 8 0 between 12 and 48 hpt; the highest level of this transcript (2.5-fold) was observed at 16-fold at 96 hours post-inoculation (hpi) (Fig. 5G ). This obvious transcriptional
response suggested that AhRLK1 participates in resistance to R. solanacearum in To verify whether AhRLK1 overexpression caused hypersensitive response (HR)
cell death, 35S::AhRLK1 was further transformed into Agrobacterium GV3101 and
transiently expressed in N. benthamiana leaves by infiltration. At 48 h after an intensive HR that mimicked cell death, whereas no visible HR cell death was
found in the plants infiltrated with GV3101 harbouring the empty vector 35S::00. Agrobacterium-mediated method. The vector frame is shown in Fig. 7A . Transgenic T0 and T1 tobacco plants were generated and examined for the role of tobacco-R. wild type. All lines showed increased resistance to R. solanacearum ( Fig. 7E and S5) .
Line 1 displayed the highest resistance with a low infection index (21.84 %) and death 4 3 1 rate (6.80 %) at 21 dpi; however, the wild type showed serious wilting with a 95.64 % 4 3 2 index and death rate of 86.05 % at 21 dpi (Table 1 and Table S2 ). This result 4 3 3
indicated that AhRLK1 overexpression greatly increased disease resistance against R.
solanacearum in tobacco. Specific marker genes were upregulated in AhRLK1-transgenic tobacco in
response to R. solanacearum
To confirm the role of AhRLK1 and elucidate its possible molecular mechanism in showed down regulation in response to strain infection in both transgenic and
wild-type plants (Fig. 8A) . The expression levels of the SA-responsive genes NtPR2, respectively, and were much higher than those of CB-1 in response to the pathogen. comparison with the controls (Fig. 8B ). The JA-responsive genes NtLOX1 and 4 5 2
NtPR1b were both up regulated in CB-1, but the up regulation was more significant in regulated by more than 9-fold, compared with the wild type after inoculation with the NtACS6 also increased significantly at 48 h after R. solanacearum infection in and the expression of NtACS6 was reduced (Fig. 8D) . Clearly, the expression of most increased under AhRLK1 overexpression. However, the expression of a few genes was 4 6 2 reduced, which was also consistent with the increase in resistance to R. solanacearum.
6 3
To further characterize the increased resistance provided by AhRLK1 to R.
solanacearum in transgenic tobacco, we examined several marker genes in R-gene wild-type controls after inoculation of the pathogen. However, the transcripts of NtNDR1 and NtNPR1 declined significantly to levels lower than those in wild-type 4 6 9 controls. We also investigated these marker genes in the resistant cultivar Yanyan97 et al., 2013; Williams and De Smet, 2013; Hazak and Hardtke, 2016) . It also resistance of rice against Xanthomonas oryzae (Song et al., 1995; Wang et al., 1996) .
The AtERECTA is another Arabidopsis LRR-RLK gene resistant to R. solanacearum 
AhRLK1 is widely associated in defense responses to biotic/abiotic stresses
The LRR-RLK gene family participates widely in the regulation of plant growth and development and also in the resistance to pathogens and environmental stresses The RPS4 was later identified associated with RRS1-R for the resistance to bacterial
wilt and also to other two diseases (Gassmann et al., 1999; Narusaka et al., 2009 ;
Sohn et al., 2014) . Additionally, a QTL, named ERECTA, was isolated as an
LRR-RLK gene that showed resistance to bacterial wilt and regulation in the
development of aerial organs (Godiard et al. 2003) .
4 6
In our study, transient expression of AhRLK1::GFP fusion protein in N.
benthemiana showed AhRLK1 localized at the membrane and cytoplasm ( in N. benthemiana, which led to HR and cell death (Fig. 6A, and NtCHN50 in SA signalling, were highly induced in overexpressed lines of
AhRLK1 (Dong, 1998; Glazebrook, 2005) , suggesting that SA signalling was also applications of SA, ET, JA, and ABA. Based on these lines of evidence, the interplay
of different hormones signals is implicated in the increased resistance of transgenic
tobacco with peanut AhRLK1. In rice, XA21 is a receptor-like kinase that confers
resistance against most strains of Xoo (Song et al., 1995) . SA is required for
XA21-mediated full resistance to Xoo, and the resistance to Xoo decreases but is not
completely abolished in Xa21/NahG plants ( Lee et al., 2009) . However, Atclv1,
Atclv2 and crn1 mutants of AtCLV1, AtCLV2 and CRN1, respectively, all showed
increased resistance to bacterial wilt, which apparently did not require hormone
signalling, such as that from ABA, ET, JA and SA. Therefore, the resistance of peanut Atclv2 and Atcrn1. Because the gene is for meristem determination, the mechanism by peanut requires further study. in plants (Day et al., 2006; Bhattacharjee et al., 2011; Lu et al., 2013) . Usually, NDR1 transgenic plants responding to the pathogen (Fig. 8E ). NPR1 is a key regulator of EDS1 pathway in the R-gene signal for the resistance to the pathogen in transgenic 6 1 7 tobacco, although NPR1 was not required for this resistance. For comparison, in silico hybridization with double strains of cDNA showed that 6 1 9 the expression of two NDR1 genes declined in hyperresistant non-transgenic
Yanyan97 in response to the pathogen. By contrast, PAD4 genes in the EDS1 pathway 6 2 1
were up regulated in response to the pathogen, which was a phenomenon consistent 6 2 2
with the transgenic tobacco overexpressing AhRLK1. However, the expression of the 6 2 3
two NPR1 decreased in the hypersusceptible cultivar but was up regulated in the Additional supporting information is in the online version of this article:
Supplementary Fig. S1 . Cloning of AhRLK1 from peanut. Electrophoresis photos
represent 5' RACE, 3' RACE and full-length cDNA PCR product of AhRLK1. receptor kinase proteins. homozygous lines and the control plants. Supplementary Data S1. Sequences of AhRLK1 full-length cDNA, genomic DNA,
and protein. LRR-RLK proteins in Arabidopsis. the AhRLK1 gene family. bio/abiotic treatments. transgenic tobacco. tobaccos and resistant and susceptible varieties after inoculation of R.
solanacearum based on qPCR and microarray analysis. 1  9  8  1  c  t  c  c  g  t  c  a  a  c  a  c  t  g  c  c  t  c  t  g  g  a  a  a  a  a  g  c  c  a  c  a  a  t  c  c  t  c  t  g  a  g  t  t  c  a  a  a  a  t  c  a  a  c  t  a  a  g  g  t  6  3  1  S  V  N  T  A  S  G  K  S  H  N  P  L  S  S  K  S  T  K  V  2  0  4  1  a  g  t  t  a  t  a  a  t  c  g  t  g  a  t  c  g  g  g  a  t  c  t  c  c  a  c  g  g  c  a  g  t  g  c  t  c  c  t  g  g  c  t  a  t  g  g  t  g  a  c  g  g  t  a  t  a  c  a  t  6  5  1  V  I  I  V  I H o n g h u a d a j i n y u a n Y a n y a n 9 7 
